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Abstract 
Because of burstiness, weak economy, time-uncertain of emergency logistics system, the paper constructs the 
operation model and its evaluation index system for emergency logistics system. In view of the imperfection of 
subjective determining index weight method in traditional evaluation, the index weight coefficients are determined by 
information entropy method of combining subjective judgment with objective evaluation. Then the fuzzy clustering 
and information entropy to determine the weights are used into emergency logistics system reliability evaluation. 
Finally the paper obtains a specific solution steps based on an example. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
Due to all kinds of the frequent occurrence of emergencies, such as natural disasters accidents, public 
health incidents and social security, increasingly acute disasters, it has become a huge risk to build a 
harmonious society and sustainable development. These emergencies cause a huge demand for 
emergency resources. How to plan, manage and control the flow of these resources, and quickly realize 
the timely, accurate, safe arrival of relief supplies and equipment, emergency logistics system reliability 
problem becomes particularly important[1-3].Currently, it has also been less for emergency logistics 
system reliability literature in home and abroad, and most research literatures mainly from the perspective 
of supply chain. For example, Luton agreed that the supply chain reliability mainly refers to the inventory 
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reliability [4]. Philippe et al. gave a method based on Bayesian network for evaluating supply chain 
reliability, which used multi-state node descripting the polymorphism of system and members business, 
effectively dealt with the special phenomenon of shared corporate [5].Nandakishore used the auto-update 
feature of Bayesian networks, and forecasted system reliability in the next period of time according to the 
current status of member companies [6]. Schoenig used Stochastic Petri and Markov chain, and 
constructing Hybrid dynamic system reliability model which was simulated by Monte Carlo 
method[7].Tamrat et al.studied the reliability of delivery and inventory in supply chain by adopting the 
stochastic simulation method [8]. 
From the above literature, the reliability researches of emergency logistics system are mostly based on 
reliability engineering theory combined with supply chain specific function or by measuring the node’s 
reliability. On the basis of the above literature, from the angle of supply chain integration, the paper 
constructs operation model and the evaluation index system of the reliability for emergency logistics 
system. Then the fuzzy clustering and information entropy to determine the weights are used in 
emergency logistics system reliability evaluation. 
2. Design the evaluation index of emergency logistics system reliability and quantize its weight 
2.1. Design the evaluation index of emergency logistics system reliability 
According to the related literature, combined with the characteristics and functions of emergency 
logistics system, the paper gives operation model, which consists of four subsystems, such as emergency 
logistics information system, emergency transportation and distribution system, emergency logistics 
command and coordination system, and emergency logistics financing system(Fig.1)[1,9]. According to 
four sub-systems of the operation model for emergency logistics system, the assessment index system is 
constructed for emergency logistics system reliability (Table 1) [10]. 
Fig. 1. The operation model for emergency logistics system 
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2.2. Determine the reliability index weight of emergency logistics system and its quantization 
This paper uses the information entropy method to determine the reliability index weight of emergency 
logistics system and its quantization [11]. Specific process is as follows: 
Firstly, m experts (from the emergency logistics experts) give scores of n indexes respectively (4 first-
level indexes, 14 second-level indexes) according to the respective importance degree, ija and ijb denoting 
index values respectively. Here it is, the score of second-level index importance only need to consider its 
importance belonging to first-level index, which can improve the accuracy of expert scores. 
Secondly, use information entropy method to determine the each level index entropy weight. Thus the 
weight of first-level indexes is 1 2 3 4( , , , )W w w w w , and the weight of second-level indexes is 
, , , ,1 11 12 13 4 41 42 43( ), , ( )w w w w w w w w" corresponding to first-level indexes. The method to determine the weight of 
first-level indexes based on information entropy is as follows [12]. Determine the weight of second-level 
indexes is similar to that of first-level indexes. 
Step1:Decision matrix A ( )m nija ×= is standardized to ( )( ) [0,1]ij m n ijR r r×= ⊂ ,and then R is normalized to ( ' )ij m nR r ×= .
Step 2:Calculate the information entropy of j  index
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Step 3: Calculate the difference coefficient of j  index, i.e., 1j jg E= − .
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Step 5: Determine the quantization value of first-level index. In Table 1, if its index value can be 
accurately calculated, the index value should be calculated by actual data as much as possible, the other 
value indexes are obtained by using the expert evaluation method. The interval[ ]0,1 is shown good or 
bad degree of index. 0 means the worst, and 1 means the optimal. The good or bad degree of second-level 
index is shown as ute  ( 1, 2, , 4; 1, 2, ,14u t= =" " ). 
According to the above, there are the weights of first-level index 1 2 3 4( , , , )W w w w w and the weights of 
second-level index 1 11 12 13 14( , , , ),w w w w w 4 41 42 43, ( , , )w w w w" . The weights of first-level index 1 2 3 4, , ,A A A A are shown 
as 01 02 03 04, , ,G G G G , which can be further divided into
11
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3. Fuzzy entropy clustering model of emergency logistics system reliability evaluation and its 
solution 
Suppose there are five typical emergency logistics events
1 2 3 4 5, , , ,G G G G G , which represent five different 
grade levels of emergency logistics system reliability (Maximum, good, moderate, poor, worst), and 
assume that first-level index value ( ) ( )1 11 12 13 14 2 21 22 23 24 3 31 32 33 34 4 41 42 43 44( , , , ), ( , , , ), , , , , , , ,G G G G G G G G G G G G G G G G G G G G . If the 
emergency event is evaluated as 0 01 02 03 04( , , , )G G G G G , it will constitute a universe unit ,0 1 2 3 4 5( , , , , )G G G G G G G .
According to the related statistical data of emergency logistics event and described the front method in 
Section 2.2, the first-level index quantization values are obtained (Table 3),and the weight values of first-
level index are calculated, i.e., (0.35,0.3,0.2,0.15)W . The reliability evaluation of emergency logistics system 
is obtained according to the information entropy and fuzzy entropy clustering. Specific steps are shown as 
follows: 
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Table 1 The evaluation index for emergency logistics system reliability 
First-level index Second-level index Meaning of index 
Emergency logistics 
information system 
( 1A )
Accuracy 11B Accuracy of the information transfer 
Timely feedback 12B Real-time information collection and feedback capabilities 
Sharing 13B Real-time information dissemination and sharing degree 
Security and confidentiality 14B Confidentiality of real-time information 
Emergency logistics 
transportation and 
distribution( 2A )
Mode and path selection of rationality 21B Reasonable degree of transportation and distribution routing selection 
In time of transport arrived 22B Timely arrival of emergency supplies 
Integrity 23B Complete degree of emergency supplies reach 
Emergency logistics 
command and 
coordination 
system( 3A )
Quick response ability 31B Response to the incident of the fast response speed 
Coordination control capability 32B The ability to coordinate human, financial 
Process standardization 33B The ability to respond to emergency plans 
Support of advanced technology 34B The use of High-Tech's ability to finish the task 
Emergency logistics 
financing system 
( 4A )
Production system 
response ability 
41B
Supply capacity Emergency supply capacity of raw materials 
Production capacity Ability to quickly produce emergency supplies 
Fast packing capacity Ability to quickly finished packing 
Fast recovery ability Production system maintenance and operation ability 
Reserve system 
response ability 
42B
Satisfiability  Types of emergency supplies , quantity to meet the needs of real-time capability 
Recoverability Timely replenishment of emergency material loss ability 
Operability Reserves of emergency supplies to meet the  layout reasonable plan ability 
Procurement 
system response 
ability 43B
Availability Emergency supplies ability of providers 
Use Quality of goods to meet the capacity needs of emergency supplies 
（1）Table 3 data is standardized according to 
the literature [12], and the standardized 
matrix G is given as follows: 
0
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1 1 1 1
1.6 1 0.7 1
0.75 0.6 1 2.2
1.6 1 0.5 1.3
0.5 1 0.7 0.7
0.75 0.9 1.1 0.7
G
G
G
G
G
G
G
⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥= ⎢ ⎥
⎢ ⎥
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Table 3 The reliability index quantization value of emergency 
logistics system  
Universe unit 
( G)
                  First-level index           
1A 2A 3A 4A
0G 3.19 5.17 4.78 2.44 
1G 5.19 5.19 3.18 2.19 
2G 2.38 3.19 4.79 5.18 
3G 5.15 5.15 2.35 3.19 
4G 1.55 5.14 3.15 1.56 
5G 2.35 4.75 5.15 1.55 
（2）Due to the weight of index is not the same, 
matrix G  needs to be weighted, and weighted 
matrix T  is obtained according to the literature [12]. 
0.35 0.3 0.2 0.15
0.56 0.3 1.4 0.15
0.26 1.8 0.2 0.33
0.56 0.3 0.1 0.2
0.18 0.3 0.14 0.11
0.26 0.27 0.22 0.11
T
⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥= ⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦
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(3) Fuzzy similar matrix R is established according 
to Hamming distance formula（ 0.4C = ） [13].  
1 0.44 0.29 0.86 0.87 0.93
0.44 1 0.13 0.46 0.33 0.38
0.29 0.13 1 0.19 0.26 0.29
0.86 0.46 0.19 1 0.8 0.73
0.87 0.33 0.26 0.8 1 0.92
0.93 0.38 0.29 0.73 0.92 1
R
⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥= ⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦
(4) Calculate the fuzzy equivalent 
matrix 'R according to the literature [13]. 
'
1 0.46 0.29 0.86 0.92 0.93
0.46 1 0.29 0.46 0.46 0.46
0.29 0.29 1 0.29 0.29 0.29
0.86 0.46 0.29 1 0.86 0.86
0.92 0.46 0.29 0.86 1 0.92
0.93 0.46 0.29 0.86 0.92 1
R
⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥= ⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦
(5) Draw the dynamic clustering figure (Fig. 2), and analyze the clustering results [13]. 
Fig. 2. The dynamic clustering figure 
According to Fig.2, when 1λ = , G  is divided into six categories: { }oG , { }1G , { }2G , { }3G , { }4G , { }5G . When 
0.92λ = , G  is divided into four categories: { }0 4, 5,G G G , { }2G , { }3G , { }4G .when 0.86λ = , G  is divided into three 
categories: { }0 3 4, 5, ,G G G G , { }3G , { }4G . When 0.46λ = , G  is divided into two categories: { },0 1 3 4 5, , ,G G G G G , { }2G .
When 0.29λ = , G  is one category: { },0 1 2 3 4 5, , , ,G G G G G G . Combined with the experts’ experienced method to 
judge the best threshold [11], if 0.92λ = , this classification is more reasonable. As one class of the first 
clustering has higher similarity, 4 5,G G  represents that the emergency logistics system reliability is a low 
level. The reliability level of 0G  and 4 5,G G has the high similarity degree, which can determine the 
emergency logistics event reliability is a low level.
4. Conclusions 
Because of emergency with a sudden, weak economy, traffic imbalance, time urgency and other 
characteristics, how can we make relief supplies and equipment duly, accurate, safely arrived under the 
condition which time and demand can not be uncertain, their reliability problem becomes particularly 
important[1]. Considering the dynamic of emergency logistics system and the reliability having 
0.29 0.46 0.86 
0G
1 0.92 
1G
4G
5G
2G
3G
λ
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incomparable characteristics between different emergency logistics events, the different similarity degrees 
of emergency reliability levels are classified and compared by fuzzy clustering algorithm, and the 
equivalent reliability level of emergency is classified as a category. The fuzzy entropy clustering method 
is applied to determining the weight of emergency logistics system reliability evaluation, which avoids 
the subjective human factors and the unbalanced nature of the objective, and ensures the validity and 
applicability of the evaluation results. The research results contribute to the government or the emergency 
organization timely adjusting of departments’ emergency logistics capability, and improving emergency 
logistics system reliability level, reducing emergency brings disaster as much as possible. 
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